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ExCel)t tn, ver-:I 8]jeciflJ_ .ca,se s COltlIOns in, a
structure have neither completely fixed nor completely
pin,ned el1d condj~tioJl"s. In. fl:'8JYlecl co1.1J.mns, tJ118 colu,mll.
falls some~1ere between the two extremes or can be said
to have elaRtic~lly restrained enrls. The research that
this report proposes is in the strength of columns with
elEtstlcH,ll.y restJrain.ecl elld.s.
colwnns with pinned and fixed end conditions but has
ne~lected, except in model analysis, elastic restraints.
I\'Io St, of t11.e rnoclel vlork ll8"B been d.orte 8Jtr Carl11~r:l,c1r;r.,e tTn,lver--
sity by M. R0 Horne and J. F0 Baker. The only other tests
which approached the actual conditions that exist in a
end restraint could be simulated, analysis only con-
stc1erecl pinned" 8J1.d fixed. E.'11CtS tt Hence, no reEtl t'e'stJs
have been performed with elastic restraints.
i.n.\re stJigEttecl on a, flJ.J.l si ze 80a.le bef'ore, th,ere i 8 H.
definite need for the study$ How much restraint 1s
T118 l J.:1.ve st,l f~a ti ion 0 f tl1.i S pl~8. 88 0 f COI~lJmr.t beha\Tior "\,~jj"" ],1,
-2-
rn1J]~a s ('I
TJ-le ob j ect) 0 f tihi B stllJ03T 1 s tiO determ.i11e tr18
behB)vioJ~ of colDJuns \,'ri t,h elBist.ica,.J_ly restrELin.ecl end.s
under various conditions of possible loadi 8 which
occur in ari aotual structure. These oonditions can
be best shown by four basic types. (See Figure 1 below.)
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to zero d.a OCC1Jl~, l)llt these E):ce TIJ.erely s~gecl8.J_ co.. S8S of
rnome:nt! t,11B,t! tlh,e 8peclrn811, \',ri--ll t,8J-{P. Tl],e J,/r of t,he
'\;tJ1-18n. Ca.J1.Clll,8,tJj;.11,e~, tJJ.j"s 111,tJt,roe,t,8 ]»oa,cl,~ It; "7:111, be EtS8urn.ed,
t,hfl.tJ trhe CO]a 11w.n ltTll1 fs/iI, j,Yl elflst,lc blJ.ckl"lnr!.~ blltJ" $.,S
th,e colJ.1mn becon1es stocl{]"er (],/r les8 t,b.arl abou.tJ 100)
j.. tJ j",s dOllbtJfll]= tJhEtt tJhls as stlrnpt, ion, \vl]~l 1101.d. trlle@
It is at this point that comparison with previous tests
ffif;l,cte 'tT:lt.holJ.t; el,a.st,:tc restJra,:ln,ts vJll1 be 'ra.l,l)ftbl,E'c
lA t,ot,Ftl of t,en t.J8Sts 8,re yre8en,i~)J~;l jpl~clnn>ed
"rj,tJ1 8, hone tlna,t more teste ca.Yl be CO:n,dllct}eo lrl the
ftl.ltJllre @ Tlle t,e stJ S a,re prlm8~riJ-~r cOJ1cerned 1rV'j, tJh, T:ypes
I anrl III as they are the controlling cases. Type II,
bej,j1r:~ 8,. snecleJ~ Oft-Se of I 'lTlt,h 1./2 tJb,8 effect;j,re J,ellgtb_~
wi.,,'.l not, be coru3iclerec3- a,t; a]~l, a,nd T~rpe !'\T \/Tl1.01 be con-
gj,dered on,ly 8,8 a relEtted. seC011.d8,,1'l~T t1est,~ }Ien,ce t,11ere
will be four specimens for each of the contrnllinp
os,see (TyneB I Etn,d. III) 8J1CJ, Oi18 ot~h,er p.peclrnen. 'of T~rpe IV"
The nilot test, included in the tot~l above, will
be COI1.d,1JCtJ8Cl OD T::lpe I @
Th,e t11eoretJtca.J~ 8.J1.8,]-::l8t S 811£111, he be,sea" on
t.lh,e dj,fferen_t,:l,g,l, eqlJ8Jt,loJ'1 of a, member ]mo~1.ded. bottJ. a,x:ta11,;T
EtrVl, I.El t,erEt1,I.y e Th,t s eOlla,t,i on. is:
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Its solution being:
y - JYt 81 n, ]-rX'~Z:"'?,~~• .• _~;.(..;;....~
P sj.,n 1{ l
TB..]{lrlfs t,tl.e flre,t (lerj~'T8,·ti,re ctYlcl slJbst,lt1J.t,:l.Ylp; va,l~lles of
T11.i s rtOVlever i. 8 fo r the p1,J1necl er:td C8J 8e a,n.d, d,oe S 11,ot
beam, 0{ G
(Assuming the beam pinned at
j,tJs faJr enOe )
coltlm,rtS tn tJ1,e fraJme ,qjlJ_ J1.ot EtffectJ tJb.e other eolttrnrl
(as l:ong as t.the col tunnfB,1.1 S 8J1cl, !l,ot tJh.e COY1Ylect}j"
.,.\
beam.), the test fr8.,m,e 08"n. be llsed. for tv'IO sep!e8.. te testJs0
Moments will be applied
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BecalJ.se tlle sttf1 fl1,ess of tJ1.8 co11TnlD.B l)eiY1,~\
of ],oad,in.g vTil,l fftcj"I,j~t)8~te theoret,ica.l. st,lld.j.es t,hcttJ
"A t,8,blJ]~a,tlon- o:f t,h.e J)J~ospectlve t,est., f~,-oecj~men,~~
--6-
T11,e ba,slc meaS1.1rernent;s YleCeSBa..ry 8.:09 tJb.e
axtal" 1.oBJd, the a1!~91ied. moment 9 the colllrnn encl rot-
attlOnSi B..nd ]~cttera_.]~ d.ef1.ectJions of tJb,e test! spec:tw"en.•
Estell of t,h.ese are t,o be IQ.eaSllJ~ecl b~r ll1etb"octs 11.01'1 l.n~tJ,se.
Da,t., 8., on. t,he ,.vb"ole 8118,1],,, be ker)tJ tJo Et m,:trllmJJ.rn to
s~oeed, both. tJ1,e te stJ l)rogrELnl 8,net lat,er an.a,l~yse s. Strain"
g,8,ge meaSllrement s, a,J..tlholl;g11. not provlcLed. for ill. tJr1i s
report, shall be taken if deemed necessary by the
research advisory committee.
1:.~MJ.;TATIQN~
T1.1e m8.,~jor l,imi te-,tiOl1. of th.e test, proced.ure iB
t,he fact tl1,at, e]=aJ8t)ic.fEtj~1_u,res'-_of collJ.mn"s 0111y reBlllt
when l/r ratios are' greater than about 100m Theoret~
ioal analyses based upon el~stic failures then, do not
hold true@ Because of this fact however, more test
informft tton i s nee{led~ to lJri.n[~ 8:bollt the fln,al 80111-
tion of the problem.
AnotJher liml ta,tiOY1, not"", qui~ te as lm,portJant
as the previous one, is the fact that translation of
joints (which do occur in an actual structure) has
beeIl nee;,lected e
!2"(JI2Q:~~,~"".~:~l:II2,"",,= TI~~
An estimate cost of the project is shown belowo
Research personnel $5000
Ma,terJ.H,l s 500
F~·1bl",lcatioYJ. B.ncl 8110-0 costs 500
OveJ~JJ"et:td (l+O~~ 0 f Fctb$ 8~ shop co s·t 8) ~,~,,' ' 2~O~Q
$6200
A]~l of tJ}1e alJo\Te costs are b8./sed lJ.pon on.1_:T one semester- t s
st,lJ.c1;;T H,neL tJest:l,ng.
The test program described above more nearly
o.lJplj;.cates actuBjl cbncli tions in 8.1 fl'lamecl stJrtlct"l11~e
thEtn any other program d.one in tJ1.e lJELst. Vlll.etJrler tb.e
connecting beam acts as an el~stic restraint or not,
does 110t alter tJhe fact tJll.at i t, l s fr8.n1ed to t,118 COllJ.n1n
a/TIel offers some ltin.ct of' resistJB,Y1Ce -to berlo.ing. It is
vii th trlis resi stEtnCe tha.t t,be above test, prgram is inter-
e steel.
The llltJin18-1te objective of tJhe st;udy ts the
prediction of the maximum load carrying capadity of
an.y framed_ colu,mn. This obJect,ive can only be. st.chj~_e'T­
eet throllgh tests ana an.:::tJ-yses 1'lrllch, :111 tb.ei,r entlirety~
inc}:llcle 8..11. ph.a~ses of the coll1mn prob]~eme Ela~stic
rtestrt3.ints j.B one of these pl1.B,ses.
'-
:rra,me TYl)e CaltUnl1 Be8Jm~ F(erna.rk. S
8i02,8 I l1erJ,p;tJ11 1~/r Sj"ze IJeI12;th
1 I 4WFl,3 1.6 1 111.5 If.iflFI~3 1"2' Pilot
I 6V{Fl~). 5 ]~6 ' 75,·0 4viF13' 1,2 1
2 I 4WFJ..?S 1.6' J.. 1~1 • 5 2 1,2'
I 6\vF15.5 ]~6 , '75~O 2 1.2'
3 III 1+\AfF13 16 1 1,]~1" • 5 4VfFl,3 12'
III 61tlF]~5 . S 1.6 t 7~5. 0 4WF13 J~2 I
III Lt-~lFl3 16' 1.11. 5 6vvF1~2 12'
III 6vrF~15 • 5 :L6 ' 75.0 6'1rIF1. 2 1.2
1
5 I 4·'~Fl,3 ]~b'l J~J.ol,,, 5 4·\vF13 12'
IV 4vTF1.3 1.6' J_11.• 5 L~WF13 12 1
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